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Preface
      

      When I first discovered DMVs, I was enthralled because they made many difficult things so easy. It was simple to identify,
         typically within seconds, the core performance problems that affect SQL Server databases. For example, I could quickly discover
         which queries were taking the longest time to run, which indexes were missing, and why queries were being blocked. This was
         only the tip of the iceberg; the deeper I dug into DMVs, the more information they provided to help me fix performance problems.
      

      Although I was captivated by the power of DMVs, I was frustrated because there was very little awareness, even among experienced
         DBAs, of their existence. In response to this I wrote an article for Microsoft’s MSDN magazine that was published in January 2008, which showed how useful DMVs could be. I then waited, expecting someone to write
         a book about the subject.
      

      Time passed, and although several articles about DMVs were subsequently published, the book I wanted to read was not forthcoming.
         So late in 2009 I contacted Manning Publications to discuss the possibility of writing such a book. You’re now holding the
         fruit of that conversation.
      

      I’m confident this book will help you successfully identify and target your performance problems as well as suggest solutions
         to these problems, giving you better-performing SQL Server databases.
      

      It’s heartening to hear comments from people when they first discover the power of DMVs; they too are amazed at how easily
         DMVs can help identify problems and propose possible solutions to these problems. Like me, they’re probably mystified why
         DMVs aren’t more widely used. I hope this book will help correct this situation.
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About this Book
      

      This book captures a wealth of experience that can be used along with code snippets to immediately improve the performance
         of your databases. SQL Server is finding its way into an increasing number of businesses. Although most servers are conspicuous,
         some appear almost hidden, for example, SharePoint servers and Customer Relationship Management (CRM) servers. In addition,
         increasing amounts of data are getting stored within SQL Server. Both of these trends have a bearing on the performance of
         your SQL Server databases and queries. You can use the advice and code snippets given in this book to fight back and reclaim
         your high-performing SQL Server.
      

      
Who should read this book?
      

      If you want to improve the performance of your SQL Server databases and the queries that run on them, you should buy this
         book.
      

      Anyone who wants to ensure their SQL Server databases are running as efficiently as possible will find this book very useful.
         The following groups of people in particular will find this book valuable: database administrators (DBAs), developers working
         with SQL Server, and administrators of SharePoint servers, CRM systems, and similar servers.
      

      When a new version of a software product appears, for example, Microsoft Word or SQL Server, new features are typically added
         to the existing core. Microsoft Word is still primarily used to enter and store text; this core functionality hasn’t changed,
         despite the numerous version releases. Similarly, although this book is written primarily for SQL Server 2005 and 2008, the
         core functionality of the DMVs is unlikely to change in future versions (for example, SQL Server 2011), and so it should be
         applicable to future versions too.
      

      DBAs need to ensure the databases under their command are running as efficiently as possible. Running the code snippets provided
         in this book will identify any problem areas and help provide solutions to these problems.
      

      Developers need to ensure their applications can retrieve and store data efficiently. Using the supplied code snippets, developers
         will be able to ensure appropriate indexes are being used, the data is being retrieved efficiently, and any changes are tested
         for defined improvement.
      

      Increasingly, SharePoint servers, CRM servers, and similar servers that have SQL Server as their underlying database are being
         installed in organizations with little thought for ongoing maintenance. With time, the performance of these unattended servers
         can degrade. Applying the code snippets included in this book will identify areas where performance can be improved.
      

      One final point: Often organizations install third-party applications on their SQL Servers. Although it’s usually not possible
         to change the code in these applications, it is possible to run the code snippets in this book against these databases, with
         a view to either applying any missing indexes (if this is allowed) or providing feedback to the third party to make the required
         changes.
      

      
Roadmap
      

      This book contains 100-plus code snippets to help you investigate your SQL Server databases. In addition to identifying the
         problem areas, potential solutions are discussed.
      

      The book is divided into two sections. The first section provides an overview of what DMVs are and how they can identify and
         solve problems easily and quickly. In addition, this section contains details of common patterns that are used throughout
         the rest of the book. The second section contains scripts and discussions for improving performance relating to indexes, queries,
         the operating system, the Common Language Runtime (CLR), transactions, space usage, and much more. Using the code snippets
         and advice given in this section will provide you with a more optimally performing SQL Server.
      

      Chapter 1 provides an overview of the power of DMVs. It shows you what DMVs are and why they’re important. Various examples are given
         to get you investigating your performance problems in seconds. Structures such as indexes and statistics are discussed in
         the context of DMVs. Finally, DMVs are discussed in the context of other performance tools.
      

      Chapter 2 discusses common patterns that are used throughout the book. Rather than describing these patterns everywhere, they are discussed
         once in this chapter and referenced in the rest of the book.
      

      Chapter 3 looks at index-based DMVs. Indexes are a great tool for improving the performance of your SQL queries. However, unused or
         little-used indexes can have a detrimental effect on performance. The code snippets included in this chapter will help you
         improve your index usage, resulting in improved SQL queries.
      

      Chapter 4 takes a look at DMVs that relate to your queries. Code snippets are provided to identify your slowest-running queries, queries
         that are blocked the most, queries that use the most CPU, and queries that use the most I/O. All these snippets allow you
         to investigate performance problems from differing viewpoints.
      

      Chapter 5 is an extension of chapter 4, discussing further aspects of how to improve the performance of your queries.
      

      Chapter 6 relates to operating system DMVs. It discusses why your queries, as a whole, are not able to run, what resources they’re
         waiting for, and how these resources can be improved to give faster queries. Windows performance counters are also examined
         in relation to these collective queries.
      

      Chapter 7 focuses on the Common Language Runtime DMVs. The use of the CLR within SQL Server is illustrated with a CLR class that provides
         regular expression functionality for use within your own SQL queries.
      

      Chapter 8 opens with a look at transactions, locking, blocking, and deadlocks. A small case study is provided to illustrate the transaction-based
         DMV code snippets. Ways of reducing both blocking and deadlocking are explored.
      

      Chapter 9 discusses database-related DMVs. The first section discusses the importance of tempdb and shows how to examine its usage
         when space problems arise. The second section examines various aspects of index usage that can help you diagnose and improve
         your queries.
      

      Chapter 10 contains code snippets that can be used to automatically improve the performance of your SQL Server databases. Snippets include
         intelligently updating statistics, recompiling slow routines, and implementing missing indexes.
      

      Chapter 11 has useful snippets that don’t fit into any of the other chapters. The snippets include a generic test harness, estimating
         the finishing time of jobs, how memory is used by your database, and a simple lightweight DMV trace utility.
      

      
Code conventions and downloads
      

      All source code in listings or set off from the text is in a fixed-width font like this to separate it from ordinary text.
         Code annotations accompany many of the listings, highlighting important concepts. In some cases, numbered bullets link to
         explanations that follow the listing.
      

      The source code for all of the examples in the book is available from the publisher’s website at www.manning.com/SQLServerDMVsinAction.
      

      
Author Online
      

      The purchase of SQL Server DMVs in Action includes free access to a private forum run by Manning Publications where you can make comments about the book, ask technical
         questions, and receive help from the author and other users. You can access and subscribe to the forum at www.manning.com/SQLServerDMVsinAction. This page provides information on how to get on the forum once you’re registered, what kind of help is available, and the
         rules of conduct in the forum.
      

      Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between
         readers and the author can take place. It isn’t a commitment to any specific amount of participation on the part of the author,
         whose contributions to the book’s forum remain voluntary (and unpaid). We suggest you try asking the author some challenging
         questions, lest his interest stray!
      

      The Author Online forum and the archives of previous discussions will be accessible from the publisher’s website as long as
         the book is in print.
      

      
About the author
      

      I love to investigate and discover new things, play around with ideas, and just spend time in thought. The mind can be a wonderful
         playground. I’m lucky enough that my inquisitive nature has found a natural home among the problems in the software industry.
         As Churchill commented, “If you find a job you really love, you’ll never work again.” With this in mind, the boundary between
         work and play often dissolves.
      

      As an example of my curiosity, I remember as a child examining a droplet of water on my fingertip and noticing that the droplet
         magnified the detail of my fingerprints. It made me wonder if an earlier civilization (such as the Romans, who had used glass)
         had also noticed this, and if they did, why they didn’t develop experiments that would have led to the earlier introduction
         of the study of optics and the advancement of science and civilization.
      

      I’ve worked in the software industry since 1987, using a variety of platforms and programming languages. I’ve worked in a
         variety of business areas, including banking, insurance, health, telecoms, travel, finance, software, and consultancies. Since
         1995 I’ve worked freelance.
      

      My core competencies are primarily Microsoft-based technologies, with an emphasis on software performance, which naturally
         extends into database performance. I’m also interested in the developing mobile technologies.
      

      In the course of my work I often create software utilities; when possible I author articles on these utilities to share with
         other developers. I feel it’s important to give something back to the industry that provides me with a living.
      

      On a final note, I’m a freelance consultant, and I’m available to help improve the performance of your SQL Servers. You can
         contact me for availability and cost at ian_stirk@yahoo.com.
      

      
About the cover illustration
      

      The figure on the cover of SQL Server DMVs in Action is captioned “Habit of Aurengzeeb” and is taken from the four-volume Collection of the Dresses of Different Nations by Thomas Jefferys, published in London between 1757 and 1772. The collection, which includes beautifully hand-colored copperplate
         engravings of costumes from around the world, has influenced theatrical costume design ever since it was published. Aurengzeb
         was the name given to the sixth Mughal Emperor of India, whose reign lasted from 1658 until his death in 1707. The name means
         “ornament of the throne.” He was a warrior and conqueror, greatly expanding the reach of his empire during his lifetime. His
         exploits were the topic of many poems, legends, and dramas.
      

      The diversity of the drawings in the Collection of the Dresses of Different Nations speaks vividly of the richness of the costumes presented on the London stage over 200 years ago. The costumes, both historical
         and contemporaneous, offered a glimpse into the dress customs of people living in different times and in different countries,
         bringing them to life for London theater audiences.
      

      Dress codes have changed in the last century and the diversity by region, so rich in the past, has faded away. It’s now often
         hard to tell the inhabitant of one continent from another. Perhaps, trying to view it optimistically, we’ve traded a cultural
         and visual diversity for a more varied personal life. Or a more varied and interesting intellectual and technical life.
      

      We at Manning celebrate the inventiveness, the initiative, and the fun of the computer business with book covers based on
         the rich diversity of regional and historical costumes brought back to life by pictures from collections such as this one.
      

      


Part 1. Starting the journey
      

      You’re lucky. You’re about to embark on a rewarding journey with the goal of improving your SQL Server performance problems
         using DMVs. This part provides an overview of what DMVs are and the range of problems they can solve. You’ll be able to use
         the basic examples provided to immediately begin identifying and fixing your performance problems. Various common patterns
         that are used repeatedly throughout the book are detailed here. This section provides a solid foundation for the rest of the
         book.
      

       

      


Chapter 1. The Dynamic Management Views gold mine
      

       




	
            




         This chapter covers
         

         
	
What Dynamic Management Views are
            

            	Why they’re important
            

            	Ready-to-run practical examples
            

         



      


	
            



 

Welcome to the world of Dynamic Management Views (DMVs). How would you like to fix problems on your SQL Servers with little
         effort? Or fix problems before they become noticeable by irate users? Would you like to quickly discover the slowest SQL queries
         on your servers? Or get details of missing indexes that could significantly improve the performance of your queries? All these
         things and more are easily possible, typically in a matter of seconds, using DMVs.
      

      In a nutshell, DMVs are views on internal SQL Server metadata, and they can be used to significantly improve the performance
         of your SQL queries, often by an order of magnitude. A more thorough definition of DMVs follows in the next section.
      

      The first part of fixing any problem is knowing what the underlying problem is. DMVs can give you precisely this information.
         DMVs will pinpoint where many of your problems are, often before they become painfully apparent.
      

      DMVs are an integral part of Microsoft’s flagship database SQL Server. Although they have existed since SQL Server 2005, their
         benefits are still relatively unknown, even by experienced software developers and database administrators (DBAs). Hopefully
         this book will help correct this deficit.
      

      The aim of this book is to present and explain, in short snippets of prepackaged SQL that can be used immediately, DMV queries
         that will give you a valuable insight into how your SQL Server and the queries running on it can be improved, often dramatically,
         quickly and easily.
      

      In this chapter you’ll learn what DMVs are, the kinds of data they contain, and the types of problems DMVs can solve. I’ll
         outline the major groups the DMVs are divided into and the ones we’ll be concentrating on. I’ll provide several example code
         snippets that you’ll find immediately useful. DMVs will be discussed briefly in the context of other problem-solving tools
         and related structures (for example, indexes and statistics).
      

      I’m sure that after reading this chapter you’ll be pleasantly surprised when you discover the wealth of information that’s
         available for free within SQL Server that can be accessed via DMVs and the impressive impact using this information can have.
         The DMV data is already out there waiting to be harvested; in so many ways it’s a gold mine!
      

      
1.1. What are Dynamic Management Views?
      

      As queries run on a SQL Server database, SQL Server automatically records information about the activity that’s taking place,
         internally into structures in memory; you can access this information via DMVs. DMVs are basically SQL views on some pretty
         important internal memory structures.
      

      Lots of different types of information are recorded that can be used for subsequent analysis, with the aim of improving performance,
         troubleshooting problems, or gaining a better insight into how SQL Server works.
      

      DMV information is stored on a per-SQL Server instance level. You can, however, provide filtering to extract DMV data at varying
         levels of granularity, including for a given database, table, or query.
      

      DMV information includes metrics that relate to indexes, query execution, the operating system, Common Language Runtime (CLR),
         transactions, security, extended events, Resource Governor, Service Broker, replication, query notification, objects, input/output
         (I/O), full-text search, databases, database mirroring, change data capture (CDC), and much more. In addition, many corollary
         areas enhance and extend the DMV output. I’ll discuss these a little later, in the section titled “DMV companions.”
      

      Don’t worry if you’re not familiar with all these terms; the purpose of this book is to help explain them and present examples
         of how you can use them to improve the performance and your understanding of your SQL queries and SQL Server itself.
      

      Most sources categorize DMVs in the same manner that Microsoft has adopted, based on their area of functionality. This book
         takes a similar approach. A brief outline of each of the DMV categories follows in table 1.1.
      

      Table 1.1. The major DMV groups
      

      





	
                  DMV group

               
               	
                  Description

               
            



	Change data capture
               	Change data capture relates to how SQL Server captures change activity (inserts, updates, and deletes) across one or more
                  tables, providing centralized processing. It can be thought of as a combination of trigger and auditing processing in a central
                  area. These DMVs contain information relating to various aspects of change data capture, including transactions, logging,
                  and errors. This group of DMVs occurs in SQL Server 2008 and higher.
               
            


	Common Language Runtime
               	The Common Language Runtime allows code that runs on the database to be written in one of the .NET languages, offering a richer
                  environment and language and often providing a magnitude increase in performance. These DMVs contain information relating
                  to various aspects of the .NET Common Language Runtime, including application domains (these are wider in scope than a thread
                  and smaller than a session), loaded assemblies, properties, and running tasks.
               
            


	Database
               	These DMVs contain information relating to various aspects of databases, including space usage, partition statistics, and
                  session and task space information.
               
            


	Database mirroring
               	The aim of database mirroring is to increase database availability. Transaction logs are moved quickly between servers, allowing
                  fast failover to the standby server. These DMVs contain information relating to various aspects of database mirroring, including
                  connection information and pagerepair details.
               
            


	Execution
               	These DMVs contain information relating to various aspects of query execution, including cached plans, connections, cursors,
                  plan attributes, stored procedure statistics, memory grants, query optimizer information, query statistics, active requests
                  and sessions, SQL text, and trigger statistics.
               
            


	Extended events
               	Extended events allow SQL Server to integrate into Microsoft’s wider event-handling processes, allowing integration of SQL
                  Server events with logging and monitoring tools. This group of DMVs occurs in SQL Server 2008 and higher.
               
            


	Full-text search
               	Full-text search relates to the ability to search character-based data using linguistic searches. This can be thought of as
                  a higher-level wildcard search. These DMVs contain information relating to various aspects of fulltext search, including existing
                  full-text catalogs, index populations currently occurring, and memory buffers/pools.
               
            


	Index
               	These DMVs contain information relating to various aspects of indexes, including missing indexes, index usage (number of seeks,
                  scans, and lookups, by system or application, and when they last occurred), operational statistics (I/O, locking, latches,
                  and access method), and physical statistics (size and fragmentation information).
               
            


	
Input/Output (I/O)
               
               	These DMVs contain information relating to various aspects of I/O, including virtual file statistics (by database and file,
                  number of reads/writes, amount of data read/written, and I/O stall time), backup tape devices, and any pending I/O requests.
               
            


	Object
               	These DMVs contain information relating to various aspects of dynamic management objects; these relate to object dependencies.
            


	Query notification
               	These DMVs contain information relating to various aspects of query notification subscriptions in the server.
            


	Replication
               	These DMVs contain information relating to various aspects of replication, including articles (type and status), transactions,
                  and schemas (table columns).
               
            


	Resource Governor
               	In the past, running inappropriate ad hoc queries on the database sometimes caused timeout and blocking problems. SQL Server
                  2008 implements a resource governor that controls the amount of resources different groups can have, allowing more controlled
                  access to resources. These DMVs contain information relating to various aspects of Resource Governor, including resource pools,
                  governor configuration, and workload groups. This group of DMVs occurs in SQL Server 2008 and higher.
               
            


	Service Broker
               	Service Broker is concerned with providing both transactional and disconnected processing, allowing a wider range of architectural
                  solutions to be created. These DMVs contain information relating to various aspects of Service Broker, including activated
                  tasks, forwarded messages, connections, and queue monitors.
               
            


	SQL Server Operating System
               	These DMVs contain information relating to various aspects of the SQL Server Operating System (SQLOS), including performance
                  counters, memory pools, schedulers, system information, tasks, threads, wait statistics, waiting tasks, and memory objects.
               
            


	Transaction
               	These DMVs contain information relating to various aspects of transactions, including snapshot, database, session, and locks.
            


	Security
               	These DMVs contain information relating to various aspects of security, including audit actions, cryptographic algorithms
                  supported, open cryptographic sessions, and database encryption state (and keys).
               
            




Because this book takes a look at DMVs from a practical, everyday troubleshooting and maintenance perspective, it concentrates
         on those DMVs that the DBA and database developer will use to help solve their everyday problems. With this in mind, it concentrates
         on the following categories of DMV:
      

      

      
	Index
         

         	Execution
         

         	SQL Server Operating System
         

         	
Common Language Runtime
         

         	Transaction
         

         	Input/Output
         

         	Database
         

      

If there’s sufficient subsequent interest, perhaps another book could be written about the other DMV groups.

      1.1.1. A glimpse into SQL Server’s internal data
      

      As an example of what DMV information is captured, consider what happens when you run a query. An immense range of information
         is recorded, including the following:
      

      

      
	The query’s cached plan (this describes at a low level how the query is executed)
         

         	What indexes were used
         

         	What indexes the query would like to use but can’t, because they’re missing
         

         	How much I/O occurred (both physical and logical)
         

         	How much time was spent executing the query
         

         	How much time was spent waiting on other resources
         

         	What resources the query was waiting on
         

      

Being able to retrieve and analyze this information will not only give you a better understanding of how your query works
         but will also allow you to produce better queries that take advantage of the available resources.
      

      In addition to DMVs, several related functions work in conjunction with DMVs, named Dynamic Management Functions (DMFs). In many ways DMFs are similar to standard SQL functions, being called repeatedly with a DMV-supplied parameter. For
         example, the DMV sys.dm_exec_query_stats records details of the SQL being processed via a variable named sql_handle. If this
         sql_handle is passed as a parameter to the DMF sys.dm_exec_sql_text, the DMF will return the SQL text of the stored procedure
         or batch associated with this sql_handle.
      

      All DMVs and DMFs belong to the sys schema, and when you reference them you must supply this schema name. The DMVs start with
         the signature of sys.dm_*, where the asterisk represents a particular subsystem. For example, to determine what requests are
         currently executing, run the following:
      

      SELECT * FROM sys.dm_exec_requests

      Note that this query will give you raw details of the various requests that are currently running on your SQL Server; again,
         don’t worry if the output doesn’t make much sense at the moment. I’ll provide much more useful and understandable queries
         that use sys.dm_exec_requests later in the book, in the chapter related to execution DMVs (chapter 5).
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